To determine the effects of combined therapy of gliclazide and bedtime insulin on glycemic control and C-peptide secretion, we studied 25 patients with type 2 diabetes and sulfonylurea secondary failure, aged 56.8 ± 8.3 years, with a duration of diabetes of 10.6 ± 6.6 years, fasting plasma glucose of 277.3 ± 64.6 mg/dl and a body mass index of 27.4 ± 4.8 kg/m 2 . Patients were submitted to three therapeutic regimens lasting 2 months each: 320 mg gliclazide (phase 1), 320 mg gliclazide and bedtime NPH insulin (phase 2), and insulin (phase 3). At the end of each period, glycemic and C-peptide curves in response to a mixed meal were determined. During combined therapy, there was a decrease in all glycemic curve values (P<0.01). Twelve patients (48%) reached fasting plasma glucose <140 mg/dl with a significant weight gain of 64.8 kg (43.1-98.8) vs 66.7 kg (42.8-101.4) (P<0.05), with no increase in C-peptide secretion or decrease in HbA1. CPeptide glucose score (C-peptide/glucose x 100) increased from 0.9 (0.2-2.1) to 1.3 (0.2-4.7) during combined therapy (P<0.01). Despite a 50% increase in insulin doses in phase 3 (12 U (9-30) vs 18 U (11-60); P<0.01) only 3 patients who responded to combined therapy maintained fasting plasma glucose <140 mg/dl (P<0.02). A tendency to a higher absolute increase in C-peptide (0.99 (0.15-2.5) vs 0.6 (0-2.15); P = 0.08) and C-peptide incremental area (2.47 (0.22-6.2) vs 1.2 (0-3.35); P = 0.07) was observed among responders. We conclude that combined therapy resulted in a better glucose response to a mixed meal than insulin alone and should be tried in type 2 diabetic patients before starting insulin monotherapy, despite difficulties in predicting the response.
Introduction
Sulfonylurea (SU) secondary failure is the lack of continued response to SU despite initial successful treatment. After excluding those patients who did not adhere to their diets, those given inadequate dosage, those with metabolic stress (1), or those who were, in fact, insulin dependent (2) , it seems that secondary failure is determined by the disease itself (3) .
The first combined therapy for diabetes type 2 was insulin plus SU (4) . Its routine use in clinical practice is justified by extensive experimental evidence that at the time of secondary failure to SU, evening insulin plus daytime oral agents are more effective than a single injection of insulin, and just as effective as a more complex multiple injection regimen without an oral agent (5, 6) . Several investigators have used C-peptide measurements in order to identify non-insulin dependency (7) or best responders to combined therapy (8, 9) , but there is no universal consensus about the method of stimulus application to be used to assess residual betacell function in type 2 diabetic patients.
The objective of the present study was to evaluate the pancreatic reserve on the basis of the C-peptide response to a mixed meal in order to identify the good responders to combined therapy among a group of 25 secondary failure type 2 diabetic patients.
Patients and Methods
Twenty-five outpatients with diabetes type 2 (18 female, 7 male), attending the Diabetes Clinic of the Rio de Janeiro State University, Rio de Janeiro, RJ, Brazil, who satisfied the National Diabetes Data Group criteria (10) , aged 56.8 ± 8.3 years, with known diabetes duration of 10.6 ± 6.6 years, fasting plasma glucose (FPG) of 277.3 ± 64.6 mg/dl and a body mass index (BMI) of 27.4 ± 4.8 kg/m 2 , were invited to participate in this study after its approval by the Medical Ethics Committee of the University.
Patients were selected if they had SU secondary failure, defined as at least two FPG values >180 mg/dl during a run-in period of two months of maximum dosage of SU (20 mg glibenclamide, N = 15; 320 mg gliclazide, N = 7; 500 mg chlorpropamide, N = 2, and 30 mg glipizide, N = 1), excluding clinical illness and dietetic flaws (3). On that occasion dietary orientation was optimized and instructions in self-monitoring of the urine glucose test were given.
The exclusion criteria were creatinine clearance below 70 ml min -1 1.73 m -2 , the presence of any ophthalmopathy which prevented insulin self-application, or symptoms of marked hyperglycemia (polyuria, polydipsia, weight loss).
The study consisted of three phases, each lasting two months: gliclazide (320 mg) (phase 1), gliclazide (320 mg) and bedtime NPH insulin (phase 2), and insulin as monotherapy (phase 3).
Before entering the study, a washout period of 15 days was applied to all patients, except those who were using gliclazide (N = 7). For those using 320 mg/day gliclazide, the run-in period corresponded to phase 1.
At the end of phase 1, the criterion for eligibility for phase 2 was persistence of secondary failure to respond to gliclazide as described above.
Patients were seen at 2-week intervals, when the presence of hypoglycemia symptoms and the results of the urine tests for glucose were checked.
During phase 2, the initial insulin dose was 6-10 U per night, varying according to patient weight (6 U for lean patients, 8 U for overweight patients and 10 U for obese patients). The insulin doses were adjusted to obtain FPG <140 mg/dl.
Gliclazide was discontinued at the beginning of phase 3 and insulin doses were adjusted to obtain FPG <140 mg/dl. Patients with FPG <140 mg/dl at the end of phases 2 and 3 were considered to be responders to combined therapy or to insulin as monotherapy (11) .
At the end of each phase, glycemia and C-peptide curves in response to a mixed meal, HbA1, body weight and systolic blood pressure were studied. Subjects arrived at the hospital after a 10-h overnight fast. A standard mixed meal consisting of 200 ml of cows milk (2% of fat) and 7 crackers was used as a stimulus (test meal), corresponding to a total of 317 kcal (55.7% carbohydrates, 14.8% proteins and 29.5% lipids). This meal is similar to our patients typical breakfast and corresponds to 20% of their daily calorie intake. Blood sampling was performed before the ingestion of the meal and at 30, 60 and 120 min after ingestion. In our previous observations this test meal was able to stimulate the C-peptide response in a group of nondiabetic controls (12) .
Glucose was measured by an automated enzymatic colorimetric method (Cobas Mira Roche, Reutkroz, Switzerland). C-Peptide was measured by radioimmunoassay (Diagnostic Product Corporation, Los Angeles, CA, USA; sensitivity: 0.05 ng/ml), after the removal of insulin antibody by precipitation with polyethylene glycol. Serum was stored at -20 o C for a maximum period of 3 months. The intra-and interassay coefficients of variation were 7 and 9.1%, respectively. HbA1 was determined by ion exchange chromatography (Boehringer-Mannheim, Mannheim, Germany), with a reference range of 4.5-8%.
The following parameters of the glucose and C-peptide curves were analyzed: 1) basal value (BV); 2) peak value (PV): the highest value above the basal one after the standard meal stimulation. In patients who showed no increase after stimulation, PV was considered to be equal to BV; 3) absolute increase: absolute difference between PV and BV; 4) percent increase (PI): percent difference between PV and BV; 5) incremental area under the curve (IAUC): area below the curve and above baseline; 6) total area under the curve (TAUC): area below the curve. IAUC and TAUC were obtained by a numerical integral calculation.
The beta-cell sensitivity to glucose stimulation was evaluated for each patient by the following index, calculated as (C-peptide/ glucose ratio) x 100 (13).
Statistical analysis
The three treatments were compared by the Friedman test followed by the Wilcoxon signed rank test with Bonferroni correction. The data for responders and nonresponders to combined therapy were compared by the Mann-Whitney U-test. Spearmans rank correlation was used to test the degree of association between the variables studied. Patients who showed no increment were excluded from this analysis. These analyses were performed using the statistical program Statistica, version 5.0, for Windows. The results are expressed as median and range. A two-sided P value less than 0.05 was considered to be significant.
Results
During combined therapy 12 patients (48%) reached FPG <140 mg/dl. No increment in C-peptide secretion (Table 1) or decrease in HbA1 (Table 2) was noted. The C-peptide glucose score increased (0.9 (0.2-2.1) vs 1.3 (0.2-4.7); P = 0.008) during combined therapy with no difference between phases 1 and 3. Combined therapy resulted in weight gain (64.8 kg (43.1-98.8) vs 66.7 kg (42.8-101.4); P = 0.005), with no change in systolic blood pressure (Table 3 ). An increase in insulin dose was observed during phase 3 in comparison to phase 2 (0.19 U/kg (0.13-0.39) vs 0.27 U/kg (0.15-0.77); P = 0.001) ( Table 3) . Despite this increase in insulin doses in phase 3, only three patients among the responders to combined therapy maintained FPG <140 mg/dl (P<0.02). Mild hypoglycemia (self-reported), not confirmed by the capillary glucose test, was recorded in 7 patients (28%) in phase 2 and in 5 patients (20%) in phase 3.
All the glucose curve parameters analyzed were significantly different among the three phases (Table 2) . A decrease in glucose PV between phase 1 and phase 2 (290 mg/dl (183-535) vs 214 mg/dl (150-418); P = 0.0006) and between phase 2 and phase 3 (214 mg/dl (150-448) vs 281.5 mg/dl (147-479); P = 0.0016) was observed. An absolute increase in glucose was found in phase 3 in comparison to phase 1 (90 mg/dl (0-153.5) vs 54.5 mg/dl (0-120); P = 0.0001) and in phase 2 in comparison to phase 1 (68.5 mg/ dl (21-166) vs 54.5 mg/dl (0-120); P = 0.009). An increase in glucose PI was found in phase 2 in comparison to phase 1 (47.01% (12.8-174.34) vs 24.01% (0-50.77); P = 0.0001) and in phase 3 in comparison to phase 1 (40.45% (0-171.76) vs 24.01% (0-50.77); P = 0.0006). In all three phases, a correlation between glucose PV and glucose BV (rS = 0.86, P<0.01; rS = 0.72, P<0.01; rS = 0.78, P<0.01, respectively) and between glucose TAUC and glucose BV (rS = 0.94, P<0.01; rS = 0.88, P<0.01; rS = 0.88, P<0.01, respectively) was observed. C-peptide PV was correlated with the basal C-peptide in all three phases (rS = 0.83, P<0.01; Table 1 -C-Peptide response to a test meal and C-peptide/glucose score at the end of each treatment phase.
Data are reported as median (minimum-maximum). A significant difference in C-peptide/glucose score was found between the 3 phases (Friedman test), with a difference between phase 2 and phase 1 (*P = 0.008, Wilcoxon test). IAUC and TAUC: Incremental and total area under the curve. The glucose BV, the C-peptide BV, and the C-peptide/glucose score in phase 1 did not identify the patients who would respond or not to combined therapy (Table 4) .
Age at diagnosis, diabetes duration and BMI did not differ between responders and nonresponders. Responders were older than nonresponders (63.5 years (39-72) vs 55 years (44-60); P<0.035). Responders tended to show higher values of the variables that express C-peptide increment after the meal: Cpeptide absolute increase (0.99 ng/ml (1.15-2.5) vs 0.6 ng/ml (0-2.15); P = 0.08) and Cpeptide IAUC (2.47 ng ml -1 min -1 (0.22-6.2) vs 1.2 ng ml -1 min -1 (0-3.35); P = 0.07) ( Table 4) . Table 4 -Glucose and C-peptide responses to a test meal at the end of phase 1 (gliclazide) by responders and nonresponders to combined therapy.
Data are reported as median (minimum-maximum). A significant difference in percent increase of glucose was found in responders (Mann-Whitney test). IAUC and TAUC: Incremental and total area under the curve.
Glucose curve C-peptide curve
Responders Nonresponders P Responders Nonresponders P N = 12 (48%) N = 13 (52%) N = 12 (48%) N = 13 (52%) 
Discussion
The combination of SU and bedtime insulin has been indicated in the treatment of secondary failure of oral agents because it can reduce insulin doses and simplify insulin therapy in patients with diabetes type 2. Nowadays, most of the patients usually start combined therapy earlier than ours did, although the criteria for patient selection for this type of treatment have not been fully established.
The presence of residual insulin secretion, with a minimal basal C-peptide >1 ng/ ml (9) and/or poststimulus levels >1.8 ng/ml (14) have been pointed out as a prerequisite for a good response to combined therapy. According to these parameters, we expected a good response to combined therapy in 22 patients (88%) since their C-peptide levels prior to insulin use were above these levels. However, only 12 patients (48%) were able to maintain their FPG levels below 140 mg/ dl and 8 of them (32%) normalized them. Despite the heterogeneity of our sample concerning age, duration of diabetes and BMI distribution which could have influenced our results, our data are similar to others (15) (16) (17) . Nevertheless the exact mechanism underlying the non-response to combined therapy in some patients has not been established.
Two of the three patients who had Cpeptide levels below these levels had BMI under 25 kg/m 2 and diabetes duration less than 5 years, but all three were ³35 years old at the diagnosis of diabetes. One of them responded to combined therapy, and the others had their FPG improved with this therapy. In these patients, the presence of glutamic acid decarboxylase antibody should be investigated in order to exclude latent autoimmune diabetes mellitus in adults (18) .
The better metabolic control achieved by our patients with combined therapy was not accompanied by an absolute increment in the beta-cell response to a mixed meal, but we could demonstrate the reversibility of glucose toxicity by the increase in beta-cell sensitivity to the same stimulus, with the improvement in the C-peptide/glucose score. (13) .
A decrease in HbA1 after combined therapy was not noted. Probably a longer duration of combined therapy would be necessary to produce a significant decrease in HbA1 (9, 16, 17, 19) . Recently it was demonstrated that there is a great individual difference in time course in changing HbA1c to its lowest value, with a half-time ranging from 19.5 to 48.7 days (20) .
When SU was withdrawn (phase 3), a 50% increase in insulin dose was observed, as also reported in other studies (9, 11, (14) (15) (16) (17) 21, 22) . Despite this increment, only three patients among those who responded to combined therapy maintained their FPG below 140 mg/dl in phase 3 (P<0.02). Certainly, more complex regimens of insulin therapy would be necessary to maintain the same level of control obtained during combined therapy (6) .
Although there was a significant reduction in all points of the glycemic curve during phase 2 compared to phases 1 and 3, a more marked decrease in fasting blood levels than in the postprandial points of the glycemic curve was observed. These results demonstrate a greater influence of combined therapy on FPG than on postprandial glucose (11, 15, 23) . This fact may be attributed to the suppression of hepatic production of glucose by NPH insulin given at bedtime (11, 24) . A significant weight gain was observed during combined therapy as demonstrated by others (16, 25) , corresponding to an average of 2 kg. The increment in insulin doses in phase 3 did not cause an additional weight gain. The decrease in the energy lost as glucose in the urine could explain the weight gain during combined therapy. In fact, our patients reported that their urine in the semiquantitative tests for glucose was negative during combined therapy, but we did not determine the total glucose lost in 24-h urine collection (24) or dietary intake to support this hypothesis. Studying the causes of weight gain during insulin therapy, some authors demonstrated that the improvement in metabolic control promotes weight gain by decreasing both basal metabolic rate and glucosuria (26) .
As also observed in other studies (17, 19) , duration of disease, BMI and previous control of the disease were not useful in predicting the response to combined therapy. In our study, only age was significantly different between responders and nonresponders to combined therapy. These results support the conclusions reached in review articles (25, 27) that no clinical variable can predict the response to combined therapy in individual patients.
Although we demonstrated a good correlation between fasting and stimulated Cpeptide, the former value did not differ between responders and nonresponders to combined therapy. Thus, fasting C-peptide, which could be the easiest method to determine residual beta-cell function (28) , was unable to predict a good response to combined therapy in our sample.
On the other hand, a tendency to higher stimulated C-peptide values (C-peptide absolute increase and C-peptide IAUC) was observed among responders. Despite the small number of patients studied (32 patients would be necessary to avoid a type 2 statistical error), this fact emphasizes that the functional test may be more useful to predict a good response to combined therapy than fasting C-peptide.
Although the design of our study was not ideal to affirm that combined therapy was most effective, we observed that combined therapy resulted in a better glycemic response to a mixed meal than insulin monotherapy at bedtime, and should be used in the management of patients with diabetes type 2 before starting insulin as monotherapy, despite difficulties in predicting the response.
